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Summary 
The refractive index and polarizability of water are precisely determined in the visible 
light range as a function of the pressure until 250 MPa by means of a new measure-
ment technique and setup using special pipe tee included in an interferometer optical 
arrangement.  
 
Introduction 
The knowledge of physical properties of optical material often goes by the knowledge 
of its refractive index, which usually change with pressure, especially in liquid. To 
characterize the refractive index of a fluid taking into account the pressure, we have 
developed an interferometric set-up and technique for measuring the index variation 
of fluid up to 250 MPa. The measurements carried out on water have refined the 
Sellmeier and Tait equations allowing to link into one equation the wavelength, the 
pressure and the refractive index. Due to the Lorentz-Lorenz equation, the evolution 
of the polarizability as function as the pressure was also determined [1].  
The developed technique can be used as a real time non intrusive sensor for meas-
uring with high accuracy and without disrupting the flow, the physical properties of 
fluids such as pressure or density.  
 
Discussion 
The set-up is composed by two relatively 
independent parts. The first corresponds to 
the circuit of the liquid (here water) under 
test, the second to the optical interferomet-
ric arrangement. Both parts are coupled in 
a specially designed liquid-cell (Fig.1). The 
output photodiode which is located at a 
fixed observation point allows counting the 
number of scrolled fringes due to pressure 
variations controled by a transducer. Ex-
periments were driven by a LabView de-
velopment.  
Thus, we have determined the refractive 
index of pure water up to 250 MPa at dif-
ferent wavelength (Fig 2). This evolution 
confirms the results of Vedam’s et al [2]. 
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Fig 1. Experimental set-up 
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The fitting of the experimental 
curves was done by the Tait-
Bradley-Pitzer (TBP) [3] and the 
Sellmeier equations [4] allow-
ing, first, the TBP’s coefficients 
variation as function as the 
wavelength and second, the 
variation of the Sellmeier's coef-
ficients as function of the pres-
sure. So we have rewritten both 
formulas to take into account 
the pressure/wavelength de-
pendence. The error estimated 
by the discrepancy between ex-
perimental and fitted curves is found equal to 0.02 % for the TBP approach and 0.04 
% for the Sellmeier one. Using the calculated values of the refractive index, we have 
used the Lorentz-Lorenz (LL) formula [5] to create the table of the polarizability with 
pressure and we have compared the results with the Looyenga’s equation [6].  
Finally, the above study allows us to propose a simple model (1) linking the refractive 
index, the wavelength and the relative density of a liquid in a pressure range up to 
high value. 
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The maximal error on the relative density between the model (1) and the values giv-
en by the standard table [7] is equal to 0.19 % in the 0-250MPa pressure range. 
 
Conclusion 
We have shown that the three formulas, Tait-Bradley-Pitzer, Sellmeier and Lorentz-
Lorenz can be considered as equivalent formulas for the determination of the refrac-
tive index of water in pressure range up to 250MPa. Nevertheless, with Tait-Bradley-
Pitzer and Sellmeier equations, only the pressure is needed for the determination of 
the refractive index, while the polarizability or the density can be additionally deter-
mined by the Lorentz-Lorenz equation. Finally, the interferometric set-up can be use 
as a real time, high accurate and non intrusive density sensor for liquid under high 
pressure, via the Eq. 1 of the model. 
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Fig 2. Refractive index as a function of pressure for var-
ious wavelengths  
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